A review of recent efforts to observe simultaneous electron capture-and-K-shell excitation in ionatom collisions is presented. This process which has been referred to as resonant-transfer-and-excitation (RTE), is qualitatively analogous to dielectronic recombination (inverse Auger transition) in free-electron-ion collisions, and, hence, is expected to be resonant. Experimentally, events having the correct signature for simultaneous capture-and-excitation are isolated by detecting projectile K x rays in coincidence with ions which capture a single electron. In a recent experiment involving 70-160 MeV S13+ ions incident on Ar, a maximum was observed in the yield of projectile K x rays associated with electron capture. This maximum is attributed to simultaneous capture-and excitation. The position (120 MeV) and width (60 MeV) of the observed maximum are in good agreement with theoretical calculations. The data indicate that RTE is an important mechanism for inner-shell vacancy production in the energy range studied.
Introduction
In MeV/amu heavy ion-atom collisions several fundamental inner-shell processes such as excitation, ionization, and charge transfer occur. To date, most inner-shell atomic collision experiments have been limited to measurements of total cross sections which include an unknown mixture of contributions from these various mechanisms. In order to probe individual inner-shell processes in the interaction of a highly charged ion with a neutral target atom under single collision conditions, it is necessary to associate particular inner-shell transitions with specific projectile charge-changing events. Experimentally, such information can be obtained by measuring coincidences between x rays (emitted from either the projectile or target) and the outgoing projectile charge state of interest.
A mechanism of particular interest is that of electron capture accompanied by simultaneous K-shell excitation of a projectile. In recent experimentsl-3, this process has been recognized as a possible contributor to K vacancy production in ion-atom collisions and may account for as much as 25% of the total K vacancies for lithium-like projectiles in the velocity range studied. Simultaneous capture-arsd-excitation, which is due to the Coulomb interaction of the projectile with the target electrons, is qualitatively analogous to an inverse Auger transition and is expected to be resonant for projectile velocities corresponding to the energy of an exiting electron in the Auger process. Since the captured electron is ini-. tially bound in the target, the width of the resonance should be reflective of the distribution of electron momenta in the target, i.e., the Compton profile of the target electrons. The simultaneous electron-capture-and-excitation process has recently been referred to as resonant-transfer-and-excitation (RTE). jectile K x-ray emission associated with single electron capture and loss, respectively.
Measurements of Arl5+ for the two beam energies used are shown in Fig. 2 . The expected resonance energy for Arl5+ is 160 MeV. As seen, the cross section for K x-ray emission associated with capture aq-1 x shows a slightly higher (,' 20%) value for 160 MeV than for 180 MeV. Clearly, measurements at additional energies with better statistics would be needed before any conclusions can be drawn concerning the existence of resonance behavior for this collision system. Also shown in the figure is the cross section for total K x-ray emission oKa and the ratio of coincidence K x rays to singles K x rays aq-1/ K x Ka'
In the most recent investigation of RTE3, which will be described in more detail below, strong experimental evidence is obtained for the existence of this process. Fig. 3 it is seen that the cross section for sulfur K x-ray emission associated with single electron capture aq-1 exhibits a maximum in the region x of 120 MeV. This peak is attributed to RTE which is expected to occur as a result of the formation of intermediate resonant states such as ls22s+1s2s22p, ls2s2p2, ls2s23p, ls2s2p3d, etc. Qualitatively, a maximum in the aq-1 cross section would occur when the x energy of the captured electron in the projectile rest frame matches the Auger electron energy for a given transition. Since the velocity component of the target electrons along the beam axis contributes to the relative velocity, the shape of aq should reflect x the target electron momenta distribution, i.e., their Compton profile.
The experimental results indicate that there is a non-resonant contribution to the aq peak. This nonx resonant part may be due to uncorrelated excitation and single capture events taking place during the same collision with a single target atom.
Also shown in Fig. 3 is the cross section for sulfur K x-ray emission associated with single elecq+l tron loss ax , the cross section for singles Ka x-ray emission aKa' and the total single capture cross section a . In both aq+l and a evidence for an q,q-l'
x Ka anomalous variation is noted in the region of the "resonance". A possible explanation for the origin of these anomalies will be given below.
Discussion
As mentioned previously, the existence of a resonance in the a q-1 cross section would provide a sigx nature for the RTE process. Fig. 3 . The relatively large width of the RTE peak is partly due to the distribution of target electron momenta. An additional contribution to the width as well as a slight asymmetry in aRTE occurs because this curve is not due to a single state but is the envelope of the contributions from the various intermediate states.
The solid curve for a in Fig. 1 Fig. 3 . Clearly, the position and width of the peak in aq-1 are in good agreement x with the theoretical calculations.
The absolute magnitude of the maximum in the data is about a factor of two larger than the theory. Reasons for this discrepancy could be twofold:
(1) the calculated dielectronic recombination cross sections8 are too small and/or (2) 
